Vol. 5I POLARIZED FLUORESCENCE OF MACROMOLECULES 155 expected, the first effect is negligible compared to the second, and it is found experimentally that the polarization of the fluorescence from a turbid solution is always lower than one of the same characteristics from a transparent medium. Fortunately, the Tyndall effect shown by dilute protein solutions seems to have no detectable effect on the polarization. It is a simple matter to detect in any given case whether depolarization by forward scattering takes place. With the mirror M2 in position, and the exciting beam traversing the middle of the cell, the average path of the fluorescent light inside the solution is about twice the path in the absence of the mirror. If the polarization of the fluorescence is the same with and without the mirror any depolarization by turbidity can be excluded. SUMMARY 1. A simple addition law for the polarizations of several fluorescent components in solution has been derived.
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2. It is shown that a system of components which differ in molecular size or in their lifetime of the excited state, but which follow independently Perrin's law of depolarization give in the plot of I/p against Tf/ a curve concave with respect to the latter axis. (p = polarization; T = absolute temperature; X = viscosity of the solvent.)
3. An extension of Perrin's theory of depolarization to the case of ellipsoidal molecules carrying randomly oriented oscillators of absorption and emission is described. In such case the polarization of the fluorescence is an explicit function of the principal relaxation times of the rotation of the ellipsoid, the lifetime of the excited state and the limiting polarization.
4. A qualitative treatment of the depolarization by intramolecular rotations is given.
5. The experimental determination of the polarization is described and some causes oferror discussed in detail.
The author wishes to express his thanks to Prof. F. Perrin and Dr H. E. Daniels for their suggestions.
Biochemical Laboratory, University of Cambridge (Received 2 Augu8t 1951) In the preceding paper (Weber, 1952 ) the theory of the polarization of the fluorescence given by macromolecules in solution carrying randomly oriented linear oscillators has been examined. If the relaxation time of the rotation ofproteins is to be obtained by this method, the fluorescent oscillators must be rigidly bound to the molecule. Proteins as such are wholly non-fluorescent, but the radiation emitted by a stable complex of the protein with a small fluorescent molecule should have the same optical characteristics as a fluorescence of the protein molecules themselves.
Such a stable fluorescent complex can in theory be obtained in several ways: (i) by coupling of a small molecule through a covalent bond and subsequent elimination of the non-coupled fluorescent molecules by the ordinary methods of protein purification; (ii) by adsorption equilibrium of fluorescent molecules on the protein. It will be necessary in the latter case to determine the fraction bound to the protein by an independent method or to consider only the polarization values obtained under conditions such that the whole of the dye is bound to the protein. This last condition requires an affinity of the protein for the fluorescent molecule which is G. WEBER lacking in most proteins with the conspicuous exception of serum albumin. (iii) By use of a low molecular weight substance which becomes fluorescent on adsorption to the protein. This method is free from the objections of the preceding one, and also from the objection that the protein is being chemically modified as is the case when a fluorescent molecule is attached by covalent bond. We shall show in a later paper that a family of substances exists which, although non-fluorescent in ordinary water solution, become strongly fluorescent when adsorbed.
The present paper refers to the first possibility, namely observations on stable fluorescent conjugates.
It has already been shown (Weber, 1952 ) that the radiation emitted by a collection of small fluorescent units attached with random orientation to macromolecules which are flat ellipsoids or prolate ellipsoids of small elongation follows a law of depolarization analogous to that first proposed by Perrin (1926) for spherical molecules, namely T_ 1, I T_I I +3-ro~(1) p 3 po(-3) Ph+)* Here p is the degree of polarization of light emitted at right angles to the direction of the excitation, To the lifetime of the excited state of the fluorescence, and Ph the harmonic mean of the two principal relaxation times of the rotation of the ellipsoidal molecule. The negative signs correspond to excitation with polarized light vibrating normally to the directions of excitation and observation, the positive signs to excitation by natural light; po is an empirical constant dependent often on the exciting wavelength (but not on 0) and in the case of macromolecules (Weber, 1952) perhaps dependent on the existence of intramolecular rotations having a relaxation time much shorter than Ph and largely independent of the viscosity of the solvent. This paper describes the preparation and properties of conjugates obtained by reaction of 1-dimethylaminonaphthalene-5-sulphonyl chloride with ovalbumin and bovine serum albumin. Measurements of the polarization of the radiation at different temperatures allow the validity of Eqn. 1 to be tested and the values Of Ph in the two conjugates and in the same conjugate under different conditions to be compared.
In order to obtain reliable results the following requirements must be met:
(1) The coupling should result in a minimum of chemical change of the protein molecule.
(2) As far as possible only one type of bond should be formed between the protein and the coupled molecule. (Weber, 1948) .
The evidence to be presented in this paper shows that these conditions are met by the conjugates of serum and egg albumin with 1-dimethylaminonaphthalene-5-sulphonyl chloride. The coupling does not induce any observable denaturation of ovalbumin, as judged by the solubility at the isoelectric point; experiments with fumarase and ribonuclease indicate that the enzyme activity of conjugates containing 1-3 mol. of naphthalene per mol. of protein is comparable to that of the untreated protein. Although the formation of only one type of linkage cannot at present be demonstrated, this is rendered very likely by the large difference in affinity of the sulphonyl chloride for the -OH and --NH as compared to -NH2 groups. The stability of the -SO2NH-bond is well known. In no experiment was there any evidence found of the breaking down of the conjugate as shown by the appearance of the free naphthalenesulphonic acid. The fluorescence of the conjugates was not conspicuously affected by changes in the pH between 1-6 and 14. EXPERIMENTAL The technique and apparatus for the polarization determinations have already been described (Weber, 1952 Katchalski, Grosfeld & Frankel (1948) .
Sucro8e was a commercial product, the reducing power of which was equivalent to 7 parts of glucose in 100,000 (Benedict) . The specific rotation was [oc] 20' =66.7°in water (24% w/v).
l-Dimethylaminonaphthalene-5-8ulphonyl chloride (V). l-Dimethylaminonaphthalene-5-sulphonic acid (I) is easily prepared by methylation of the technical 1-aminonaphthalene-5-sulphonic acid (Fussganger, 1902 I-Dimethylaminonaphthalene-5-8ulphonamide (II). 1-Dimethylaminonaphthalene-5-sulphonyl chloride (240 mg.) was dissolved in 2 ml. acetone and 1 ml. of strong ammonia was added. The sulphonamide began to crystallize immediately. Yield: 200 mg. The sulphonamide was recrystallized from ethanol in long colourless needles which showed no loss of weight after 24 hr. at 115°: m.p. 2150 (decomp.) . (Found: C, 57-5; H, 5-1; N, 11-2; S, 12-7. C,2H1402N2S requires C, 57-5; H, 5-5; N, 11-3; S, 12-8%.) I-Dimethylaminonaphthalene -5-(N-phenyl)-sulphonamide (III) . Freshly distilled aniline (0-1 ml.) and 269 mg. of sulphonyl chloride dissolved in 1-5 ml. of pyridine were heated in the water bath until no further change in colour was noticed (1-2 hr.). On addition of water a precipitate separated. This was dissolved by warming in 70 % ethanolwater and, on cooling, the anilide crystallized in thin green needles. The crystals showed no loss of weight after 24 hr. at 115°, m.p. [141] [142] H, [5] [6] [7] [8] N, ; S, 9-8. C18H1802N2S requires C, 66-5; H, 5-6; N, 8-6; S, 9-8%.) 1-Dimethylaminonaphthalene -5 -(N-benzyl)-8ulphonamide (IV). Sulphonyl chloride (220 mg.) was dissolved in 2 ml. acetone and 0-5 ml. benzylamine was added. A white mass separated immediately. The mixture was taken to dryness and the residue dissolved in a little ethanol. On addition of water the sulphonamide crystallized. The pale-green needles were washed with water and recrystallized from 50 % ethanol-water. Yield 190 mg., m.p. 1390. (Found: C, 66-5; H, 5-6; N, 8-3 ; S, 9-5. C19H2002N2S requires C, 67-0; H, 5-9; N, 8-2; S, 9.4%.)
Preparation of the conjugates A weight of sulphonyl chloride equal to 1-2% of the protein was dissolved in 0-5 ml. acetone and added with stirring to 10 ml. of protein solution in 0-1M-phosphate buffer, pH 7.5, or 1% NaHCO3, kept at 0-30. The reaction mixtures were left at 0-3°until the original turbid suspension cleared (5-12 hr.). The solutions were then centrifuged to separate suspended chloride, and dialysed with stirring in the cold against 0-2M-KCI, or 0-15M-K2SO4, with frequent changes of the latter until the outer liquid showed no appreciable fluorescence. (Excitation with Hg arc through Wood's filter.) This stage was reached with most proteins after about 2 days of dialysis. Serum albumin requires a considerably longer dialysis due to the adsorption of free dye. However, the adsorbed sulphonate could be easily separated by precipitation of the protein with ethanol. The conjugate was first dialysed against 0-lMacetate buffer pH 4-7, and an equal volume of 80 % ethanol was added slowly at 00. The precipitate was collected and washed repeatedly with 50% ethanol-acetate.buffer at 00 until a sample of the supernatant showed very weak, polarized fluorescence (due to a trace of the conjugate in V01. 5 I 157
G. WEBER solution). Finally, the precipitate was centrifuged and redissolvedin cold 0-M-phosphate bufferpH 7.5, anddialysed against 0-2m-KCl. One ethanol precipitation was usually enough to liberate all the adsorbed material though occasionally a second precipitation proved necessary. The combination of the sulphonyl chloride with the protein is a heterogeneous reaction, the yield of which largely depends upon the state ofdivision ofthe sulphonyl chloride. Ifthis is sufficiently fine a comparatively stable yellow suspension is obtained which, on reacting with the protein, becomes in the course of a few hours almost or completely transparent and much paler. If the initial suspension in 5 % acetone water has a chloride content greater than about 0-2 mg./ml. some of it separates as crystals and the yield decreases. If the chloride content is kept below this limit and crystallization is avoided some 506 % of it combines with the protein as judged by spectrophotometric measurements.
RESULTS
Absorption spectrum and fluorescence of 1-dimethylaminonaphthalene-5-sulphonic acid and derivatives 1-Dimethylaminonaphthalene-5-sulphonic acid and its sulphonamido derivatives show an absorption band in the 300-400mu. region, The maximum of this band is displaced towards the ultraviolet with increase in the ionic character of the -SOg--group as shown in Table 1 , but the molar extinction
The fluorescence of the sulphonic acid and the substituted sulphonamides is quenched by acid, the region of rapid decrease of the fluorescence with pH being from 4 to 3. According to the theory of the quenching by collisions ofthe second kind (Wawilov, 1929 ) the quenching of a fluorescence with 0 -10-s requires 0-1--O lM concentration of quencher. As this is about 50-100 times the hydrogen-ion concentration required, it may be concluded that the quenching is non-collisional. This is confirmed by measurements of the polarization of the fluorescence of acid-quenched solutions. The substances were dissolved in 1: 2-dihydroxypropane, and dry hydrogen chloride gas was passed unitil a convenient degree of quenching was reached. The intensities before and after quenching (Io and I respectively) and the corresponding polarizations (pi and p, respectively) were recorded. The ratio of the lifetimes ofthe excited state before and after quenching Tro/7 is (Sveshnikoff, 1936) T l/Pial/Po 7. 1/pq.1/po Table 2 gives the values of 1/I, pi, Pa and Io/T for substances I-IV. The small change in the polarization produced by the quenching reflects the long lifetime of the non-fluorescent form, the ratio I/mr (Weber, 1948 (Weber, , 1950 dialysed against distilled water ultimately reached a pH of 4-85 and the recorded polarization was the same as with solutions in buffer, nor was this polarization changed by addition of 0-2 M-potassium chloride or by dilution down to 0.1 %.
Effect of temperature. The data are shown in Table 3 and in Fig. 2 . They allow the conclusion that Perrin's law of depolarization is closely followed over the range of temperatures studied, namely 3-45°. In all the conjugates studied the plotting of l/p against T/I yields straight lines with regression (Bingham, 1922 (Weber, 1952) . This notation is used throughout. A, native ovalbumin; B, heat denatured ovalbumin; C, bovine serum albumin. Fig. 4 shows the changes in the polarization during the course of the denaturation of 0-6 % solutions of ovalbumin kept at pH 1-53-1-65. The protein was dialysed against distilled water, and then diluted to the required concentration. The Fig. 4 show that the increase in the apparent relaxation time of the particles is much faster at the higher temperature, and faster in the Biochem. 1952, 51 presence than in the absence of salt. This applies also to the final values reached after several hours. At 300, in the presence of salt (0-2M-potassium chloride), a copious precipitate occurred after a few minutes (arrow in Fig. 4 ) and no further measurements were possible. Table 3 show that ovalbumin dissolved in 0-1 M-sodium hydroxide had the same relaxation time of the rotation as at neutral pH. On adjusting the pH to the isoelectric point, the bulk of the protein separated. Therefore in alkaline solution, although the protein was denatured just as readily as in acid, no increase in the relaxation time was observed. When the isoelectric precipitate was redissolved in 0-lM-phosphate buffer, pH 7-8, considerable increase in the relaxation time of the rotation was observed. Even in 0-1 M-sodium hydroxide the average relaxation time of the dissolved isoelectric precipitate was considerably higher than the native protein.
Alkaline denaturation The values quoted in
Solutions of ovalbumin kept at pH 12-13 for 24 hr. showed a decrease in the relaxation time, probably due to partial hydrolysis of the protein.
Such decrease was never observed in experiments of short duration.
Urea denaturation of ovalbumin To a solution of ovalbumin in distilled water
(pH 4.9) was added 0-49 g. urea/ml. of original solution. After standing for 4 days at 00 the urea was dialysed away and the solution finally equilibrated against 0-05M-phosphate buffer, pH 7-3. The crystal clear solution had a concentration of 0-12% protein. Fig. 5 shows that the average relaxation time of the rotation of the particles had increased by about eight times as compared with that of the native protein. On heating the solution the polarization decreased as expected from the linear law.
Heat denaturation Dilute solutions of ovalbumin (0-1-0-2 %) in 0-05M-phosphate buffer, pH 7, boiled for a short time showed strong increase in the polarization ofthe fluorescence (Fig. 5) . After boiling the solutions for 5 miin. the absorption spectrum showed a maximum at 332 m,u. and was now practically coincident with the spectra of the serum albumin conjugates. If the solutionwas boiled for 1 min. a hybrid curve showing two maxima at 332 and 342 mp. was obtained (Fig. 6) .
The difference of absorption curves of native egg and serum albumins is not likely to be due to any difference of the covalent attachment of the sulphonamido groups. Since denatured ovalbumin, in common with other denatured proteins (Oster & Grimsson, 1949) The data are shown in Table 4 . It appears that the 0-6. (Weber, 1952) .
The harmonic mean of the relaxation times of the rotation at 250 in water can be determined from Eqn. 1 in which r0= 1-4 x 10-8 sec. We thus obtain P,= 1-27 x 10-7sec., while Oncley (1942) gives Ph = 1-24 x 10-7 sec. from measurements of the dielectric dispersion with horse serum albumin.
Ob8ervations on bovine serum albumin conjugate in acid 8olution If a 0-1 % solution of conjugate is thoroughly dialysed against distilled water and the pH adjusted to 1-8-2 by addition of a small amount of M-hydrochloric acid the polarization of the fluorescence drops from 0 196 (at 180) to 0 147. Measurements at different temperatures at this pH yielded b = (9.68 + 0 2) x 10-5; lIpo = 4O08 ± 0 07; ,B= (2.2 + 0.06) x 10-5.
In 60 % sucrose p = 0-245 in good agreement with the extrapolated po. The results are shown in Fig. 9 . After neutralization by dialysis against 0-05M-phosphate buffer, pH 7, the observed polarizations yielded b = 4 3 x 10-6; l/po = 3 95; o = 1 02 x 10-6, showing that the changes in polarization with pH were perfectly reversible. The intensity of the fluorescence of the salt-free conjugates at pH 2 was 60 % ofthe intensity at pH 7, while the absorption spectrum showed no conspicuous change. The observations on the ovalbumin Vol. 5_. 163
G. WEBER conjugates, together with those on the quenching of the fluorescence of the sulphonamido derivatives, show that no change in the lifetime of the excited state is to be expected. It must be concluded that the changes in polarization are due to a change in the relaxation time of the rotation. In turn, this cannot be due to a simple change in shape of the serum albumin neutral molecule, if this is an ellipsoid of axial ratio 5 or less. On changing into a sphere, such an ellipsoid will have a relaxation time of 0-52 times the original value, while the observed ratio of P0o/P is 0-46. In order that this may be explained by a change in shape the neutral molecule would have to be an ellipsoid of elongation 8 or more or a flat molecule of axial ratio greater than 5. The absence of curvature in the plot of I/lp against TI/9 (Fig. 8) excludes the former, while the data of the dielectric dispersion (Oncley, 1942) do not support the latter.
We may then conclude that molecular fission is the cause of the observed changes in the polarization. =2-70. The difference from the values in water may be due to more complete dissociation in sucrose (hydrogen bonds?) or to differences between the microscopic viscosity and the viscosity measured by flow. It may be pointed out that at pH 2 a small percentage of the sucrose present was hydrolysed and therefore a chemical reaction of the hexoses with the protein cannot be excluded.
Effect of salt on the acid dissociation. In the presence of M-potassium chloride, or 0-1 M-potassium sulphate the dissociation did not take place when the pH was brought from neutrality to 1 9. If the salt was added after the dissociation was obtained, complete reversal was observed, the polarization increasing to the original value in neutral solution.
Observations on bovine serum albumin in alkaline solution 0-5ml. of 0-5% salt free conjugate was mixed with 2 ml. of 0.1 M-sodium hydroxide and the polarizations at different temperatures recorded. When measurements at temperatures higher than 25-30°were attempted an irreversible fall in the polarization was noticed. This was also noticed at lower temperatures if the alkali was left to act for a longer time (i.e. 12 hr. at room temperature). The polarization measurements below 28°were temperature reversible and could be repeated with several conjugates within 5 %. As shown in Fig. 10 , these measurements yielded b = 1 19; I/po = 4-34; p = 2-56.
The polarization in 60 % sucrose was 0-230 in excellent agreement with the extrapolated value.
Solutions left for an hour at 18°, and then neutralized, showed that the dissociation in alkali is 164 I952
completely reversible as regards the relaxation time of the rotation. Solutions left for 10 hr. in alkali at 40 showed when neutralized a fall in the polarization indicating that ifthe action ofthe alkali is prolonged the reaction is no longer wholly reversible. The slope and intercept of the solutions in alkali show differences from the values in acid. The comparatively minor differences in the values of , (0-46 and 0 40 respectively) can be due to a variety of causes, the analysis of which is not possible with the sole resources of this method. As regards the decrease in po observed in alkali, several sources (Klotz, 1949; Laurence, 1952) indicate that the binding power of serum albumin is much diminished in alkaline solution. It may then be expected that the freedom of rotation of the attached molecule should be larger in the latter case, leading to a decrease in the limiting polarization (Weber, 1952) . The alkaline dissociation is largely unaffected by salt. Effect of pH on the relaxation time of the rotation Fig. 3 shows the effect of pH on the polarization of the fluorescence of 0-1 % salt-free conjugates. The pH changes were obtained by addition of dilute hydrochloric acid or sodium hydroxide respectively and measured by glass electrode. The following points were noticed: (i) The shift in the polarization of the fluorescence with pH was complete in a matter of minutes, this being the time necessary to take a series of readings. In no case could a time effect be detected, even in solutions kept at 3°. (ii) Threefold dilution at any pH value did not result in any conspicuous change in the polarization. (iii) The main changes took place between pH 4 and 2-5 on the acid side, between 9-5 and 11-8 on the alkaline side. No further change was observed below pH 2 or above pH 12. (iv) The neutralized solutions showed no detectable difference from the original neutral solution. The most important fact to be noticed here is the complete correspondence of the regions of rapid change of the polarization with the main regions of titration of the protein.
Effect of urea treatment of the serum albumin conjugates
After treatment with 6 m-urea and subsequent removal of the latter by dialysis, the plot of Il/p against T/ ¶q, as shown in Fig. 11 , gave a slope of 0-40-0-42 in the different preparations, and intercept varying from 4-28 to 4-10. The slope was therefore not significantly different from that of the native protein, while the intercept was slightly, though consistently, higher. In 60% sucrose the observed polarization was 0-245 + 0-005. The protein regenerated from urea has been found by sedimentation studies (Putnam, Erickson, Volkin & Neurath, 1943) to have a molecular weight equal to the native, and the observations here reported agree with it. The increase in the intercept can be interpreted as an increase in the rotational freedom of the coupled molecule due to decrease in the binding power of the protein, and a study of this property in urea-regenerated serum albumin may decide on the validity of this interpretation. DISCUSSION As described in the experiments, the sulphonyl chloride reacted very readily with the primary amino groups so that the formation of sulphonVoI. 5I 165 G. WEBER amido linkages as the most important product of the reaction with the protein offers little doubt. The absorption spectrum of the sulphonyl chloride presents a maximum at 369 m,. and therefore, if any important amount of unreacted chloride were to remain adsorbed to the protein, a second maximum or an inflexion should appear in that region of the absorption spectrum ofthe conjugates. Such inflexion was observed in mixtures of proteins and chloride at the beginning of the reaction, but as this proceeded the inflexion decreased and disappeared.
Perrin's law of depolarization is followed by the serum albumin and ovalbumin conjugates within the limits of the experimental error. If the validity of Eqn. I, 28 is accepted, the absence of visible curvature may be taken as an indication that the molecules are flat or only moderately elongated. In all cases where the straight line law was followed excellent agreement was found between the limiting polarization po as determined by extrapolation and the polarization observed in 60 % sucrose solution. (Weber, 1948) . A study of the quenching of the fluorescence of the sulphonamido derivatives of 1-dimethylaminonaphthalene-5-sulphonic acidmakes clear that such is the case and that moderate degrees of quenching should not alter sensibly the value of Tro. It is worthy ofnote that the quenching of the substituted sulphonamides took place at pH 3-4, while the conjugates showed little quenching (about 30 %) at pH 1-5. ' This difference is readily explained by the fact that -at pH lower than the isoelectric point the ionic atmosphere of the protein will contain fewer bydrogen ions than the bulk of the solvent. The fluorescent intensity of the conjugates of serum albumin was considerably greater than those of native ovalbumin. Here once more the notion of a tautomeric non-fluorescent modification endowed with long life is probably valid.
Ovalbumin conjugate8. The most important fact to emerge from the study of these conjugates is that reversible dissociation of the protein, by acid, alkali, or heat, was never seen and that the relaxation time increased considerably on denaturation by acid, alkali, heat, or urea. This increase in the observed relaxation time cannot be explained by an increase in the axial ratio of the particles alone. If the original quasi-spherical ovalbumin molecule is drawn into an ellipsoid of infinite axial ratio, Eqn. I, 28 shows that the apparent relaxation time cannot increase by a factor greater than 3. In the experiments, however, as shown in Figs. 4 and 5, increases of eight times and more were observed. These results lend themselves to a simple and complete interpretation if aggregation of denatured molecules is assumed to be the main cause of the increase in the relaxation time of the rotation. In the experiments on the time course of the acid denaturation, a visible precipitate appeared only in the case where the rate of increase of the relaxation time was a maximum, suggesting a continuous transition between the postulated aggregates and the precipitate. The isoelectric precipitation of denatured ovalbumin may be considered as the continuation of the aggregation on to a macroscopic scale.
If the aggregation is due to interactions which, like hydrogen bonds and van der Waals forces, decay rapidly with the distance, the main factor determining the growth of the particles will be the extent to which the electrostatic repulsion between the molecules can offset the thermal agitation and thus prevent the approach and interaction that leads to permanent binding (Verwey & Overbeek, 1948) . The addition of electrolyte by decreasing the thickness of the double layer lets the particles grow larger and in the experiment at 30°the co-operative effect of salt and temperature allowed indefinite aggregation and flocculation to take place. The acid denaturation was accompanied by immediate increase in the relaxation time, while the protein denatured by alkali did not show it until the pH was brought near the isoelectric point. Moreover, when dissolved in acid, the alkaline denatured ovalbumin showed also increased relaxation time. A likely explanation of these facts is that the aggregation in acid is due to hydrogen bonds mainly from the uncharged carboxyl groups. No comparable source of hydrogen bonds exists in the alkaline protein.
The aggregation of ovalbumin in acid has been shown by Huang & Wu (1930) by osmotic pressure measurements.
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Serum albumin conjugates. In contradistinction to ovalbumin the relaxation time of the rotation showed marked dependence on the pH of the solutions. The data presented show that the changes cannot be attributed to increase in To or to a simple change in shape of the serum albumin molecules, and that reversible dissociation into sub-units must be admitted. The study of this dissociation will be the object of another paper. It need only be indicated here that the departure from the linear law above 500 observed in neutral solution (Figs. 7 and 8) can be explained by thermal dissociation of the molecule. SUMMARY
1. The preparation of stable fluorescent conjugates of ovalbumin and bovine serum albumin with 1-dimethylaminonaphthalene-5-sulphonyl chloride is described.
2. It is shown that the fluorescence of solutions of the purified conjugates follow Perrin's law of depolarization, yielding straight lines when the reciprocal of the polarization is plotted against the ratio of the absolute temperature to the viscosity of the solvent.
3. The slopes of the conjugates studied are reproduciblewithin 2 %, and forovalbumin and bovine serum albumin at neutral pH are in the ratio of the harmonic mean of the principal relaxation times of the rotation as required by theory.
4. The polarizations observed in 60% sucrose solution are, in all cases studied, in excellent agreement with the limiting polarization obtained by extrapolation. 5. The relaxation time of the rotation of ovalbumin is shown to be independent of pH within a wide range (pH 1.5-14).
6. The denaturation of ovalbumin by acid, urea or heat results invariably in an increase in the relaxation time of the particles. The effect of temperature and of neutral salts on the acid denaturation has been studied.
7. The polarization of the fluorescence of bovine serum albumin conjugates is independent of pH between 4 and 9, but falls rapidly outside this region to reach lower stable values at pH 2 and 12 respectively. It is shown that only reversible dissociation into sub-units can explain these facts.
8. Bovine serum albumin regenerated from urea does not differ appreciably from the native species as regards particle size.
9. The preparation and characterization of 1-dimethylaminonaphthalene-5-sulphonyl chloride and of several sulphonamido derivatives are described.
